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Abstract

Objective: To define the optimized inter-injection interval of injectable testosterone 
undecanoate (TU) treatment for hypogonadal and transmen based on individual dose 
titration in routine clinical practice.
Design and methods: A prolective observational study of consecutive TU injections in 
men undergoing testosterone replacement therapy for pathological hypogonadism or 
masculinization of female-to-male transgender (transmen) subject to individual dosing 
titration to achieve a stable replacement regimen.
Results: From 2006 to 2019, 6899 injections were given to 325 consecutive patients. After 
excluding the 6-week loading dose, 6300 injections were given to 297 patients who had 
at least three and a median of 14 injections. The optimal injection interval (mean of  
last three injection intervals) had a median of 12.0 weeks (interquartile range  
10.4–12.7 weeks). The interval was significantly influenced by age and body size (body 
surface area, BSA) but not by diagnosis or trough serum LH, FSH, and SHBG. Longer  
(≥14 weeks; 68/297, 23%), but not shorter (≤10 weeks; 22/297, 7.4%), intervals 
were weakly correlated with age but not diagnosis or other covariables. Low blood 
hemoglobin increased with trough serum testosterone to reach plateau once 
testosterone was about 10 nmol/L or higher.
Conclusion: Optimal intervals between TU injection after individual titration resulted 
in the approved 12-week interval in 70% of patients with only minor influence for 
clinical application of BSA and not of trough serum LH, FSH, and SHBG. Individually 
optimized inter-injection interval did not differ between men with primary or secondary 
hypogonadism or transmen.

Introduction

Since the discovery and first clinical use of testosterone 
in the 1930s, its minimal oral bioavailability has led to 
administration via every non-oral route to circumvent 
rapid gut and liver metabolism (1). Since the 1950s, 
the most common route of administration has been 
the parenteral injection of testosterone as a pro-drug 
esterified to short-chain aliphatic fatty acids in a vegetable 

oil vehicle (2). These injectable products are affordable 
with depot effects that facilitate treatment adherence 
by requiring fewer injections over time. Testosterone is 
liberated from the injected pro-drug esters by non-specific 
esterase when they enter the bloodstream. The duration of 
action of depot injectable testosterone esters depends on 
the hydrophobicity of the aliphatic side-chain retarding 
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ester release from the oil depot, side-chain steric hindrance 
slowing esterase action as well as the lymphatic absorption 
of oil vehicle into the circulation (3). Accordingly, 
injectable testosterone ester products have a duration of 
action ranging from short-acting (propionate) requiring 
one or two injections per week, medium acting (enanthate, 
cypionate, mixed esters) requiring injections every 2 weeks 
and a long-acting depot testosterone undecanoate (TU) 
typically administered at 12-week intervals (1). Oral TU 
has been available since the 1970s in an oil-filled capsule 
marketed worldwide and recently in the US (4). Injectable 
TU was developed in 1980s China (5) before worldwide and 
US marketing. Injectable testosterone TU is now, together 
with transdermal testosterone products, the most widely 
prescribed modalities of testosterone replacement therapy 
(6) as well as for masculinizing transmen (7).

As testosterone replacement therapy for irreversible 
pathological hypogonadism needs to be life-long, the 
convenience of a regimen facilitates long-term compliance 
with therapeutic dosing. All testosterone products 
require individual optimizing of the patient’s regimen 
to ensure the best efficacy and safety outcomes. Dose 
titration is simpler for short-acting products which have 
a rapid onset and offset of testosterone absorption and 
action. However, dose titration for long-acting depots is 
more challenging and time-consuming (8, 9). The safety 
and efficacy profile of injectable TU under clinical trial 
conditions is well established (10, 11, 12), and it generally 
has a good safety profile in routine clinical practice. There 
are few side-effects other than transient injection site 
pain (13) and pulmonary oil microembolization (POME, 
prevalence of 2.0%) whereas injection site hematoma is 
rare even among men using antiplatelet or anticoagulants 
(14). Clinical studies of testosterone products originate 
primarily from clinical trials designed with standardized 
treatment regimens to meet regulatory requirements for 
marketing. Yet, the post-marketing clinical efficacy profile 
in routine medical practice may differ from the registration 
clinical development program. Outside of standardized 
randomized clinical trials, larger clinical studies of 
injectable TU in regular practice also mostly use a fixed 
standard injection interval in which a few report variability 
in inter-injection interval without defining the factors 
determining shorter or longer inter-injection intervals. 
Injectable TU has also become to be increasingly used to 
masculinize female-to-male transgenders (F2M, transmen) 
(7, 15) with treatment following standard dosing regimen 
recommendations. We, therefore, undertook a prospective 
surveillance study of TU injections in the routine clinical 
practice of an experienced single academic center so that 

optimized regimens by individual dose titration could be 
used to evaluate the duration of action and its clinically 
significant determinants and to determine the duration of 
action in transmen compared with hypogonadal men (16).

Materials and methods

Participants and injections

This prolective study (17) summarized prospectively 
collected data from consecutive patients attending the 
Andrology Department of Concord Hospital between 2006 
and 2019 to receive regular TU injections as testosterone 
replacement therapy for pathological disorders of the 
hypothalamic, pituitary, or testis (excluding 'Andropause', 
'LowT', 'late-onset or functional hypogonadism') or were 
female-to-male transgender (transmen, F2M) patients. A 
waiver of ethics approval was provided by the Sydney Local 
Health District Human Ethics Committee for summarizing 
completed treatment data of patients. Men were 
divided into primary (hypergonadotrophic), secondary 
(hypogonadotrophic) hypogonadism or transmen groups 
with the causes of hypogonadism described previously 
(14). Injections were administered by experienced nurses 
delivering 1000 mg of TU in 4 mL of castor oil vehicle using 
a 21-gauge needle. Injections were placed deeply into the 
upper outer gluteal muscle (on alternating sides) slowly 
after aspiration to exclude venous injection.

Treatment was initiated with a first dose (1000 mg) 
followed by a loading dose (1000 mg) at 6 weeks and then 
regular injections at initially 12-week intervals according 
to the approved product information (Reandron, 
Bayer). Blood was sampled for monitoring trough serum 
testosterone (blood sampled immediately prior to the next 
injection) together with serum LH, FSH, and SHBG in the 
same sample. Individual dose titration was performed 
by evaluating at each visit whether the treatment had 
maintained symptomatic benefit according to the patients 
leading symptom (18, 19) coupled with trough blood 
testosterone concentration together with serum LH and 
FSH suppression (in primary hypogonadism) to form a 
composite judgment whether efficacy was adequately 
maintained at 12 week inter-injection interval. In most 
patients, the 12-week intervals did not require adjustment. 
When there was consistent evidence of symptomatic 
run out (recurrence of lead symptoms) before the end of 
the treatment period coupled with a low trough serum 
testosterone and (in primary hypogonadism) inadequate 
suppression of serum LH and FSH, the inter-injection 
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interval would be reduced by 1- or 2-week intervals and 
then iteratively re-evaluated. Conversely, where there 
were unacceptable overdosage side-effects (erythrocytosis, 
unacceptable mood, or behavioral changes) with elevated 
trough serum testosterone, the inter-injection interval 
was increased by 1 or 2 weeks at a time. Data from seven 
patients (six F2M, one hypogonadal) for whom the TU dose 
was reduced to less than 1000 mg were excluded from the 
analysis. Unlike the trough serum hormone concentrations 
measured at the time of each injection (four times per year) 
as a measure of efficacy, blood hemoglobin and serum PSA 
were measured much less frequently about once per year, 
and for men, over the age of 50 years, respectively. Optimal 
inter-injection interval was defined as the mean of the last 
three injections. A short interval was defined as an average 
of <10 weeks between injections and a long interval as an 
average of >14 weeks.

Assays

Serum testosterone, LH, FSH, and SHBG were measured 
by automated Roche immunoassays in the Diagnostic 
Pathology Unit, Concord Hospital subject to participation 
in regular external quality control. The between-assay CVs 
using multi-level QC samples per analyte were 1.4–3.0% 
measured over at least 130 consecutive assays for all four 
analytes. Hemoglobin and prostate-specific antigen (PSA) 
were measured by routine autoanalyzer method in the 
Concord Hospital Diagnostic Pathology Unit and subject 
to regular external quality control.

Data analysis

Data were analyzed by appropriate methods for continuous 
data using NCSS 2021 (descriptive data, ANOVA and 
covariance, linear regression, linear mixed models for 
repeated measures) and for categorical data using StatXact 
version 9 software as required. The linear mixed model 
for repeated measures investigated the length of an inter-
injection interval with a main between effect of diagnosis, 
and potential covariates comprising age, measures of 
body size or physique, serum hormones, and a subject 
term as a random variable using restricted maximum 
likelihood with a one-term autoregressive covariance 
structure. The relative explanatory power of different 
models was evaluated by the entropy reduction metric, the 
Akaike Information Criterion (AIC), according to which 
model had the lowest AIC value (i.e. greatest explanatory 
power). BMI was defined as weight (kilograms)/height 
(meter)2, and body surface area (BSA) was calculated by the  

Gehan–George formula (20). Data distribution was assessed 
by Box-Cox analysis with optimal normalizing power 
transformation if required, performed according to the λ 
criterion (21). Regression modeling using non-linear curve 
fitting assessed a wide variety of models for the goodness of 
fit to the data according to the highest R squared statistic.

Results

The study data covered 6899 injections of 1000 mg TU 
administered to 326 patients (14). After excluding the 
6-week loading doses, the analysis involved 6300 TU 
injections administered to 297 patients who had at 
least three serial injections (Table 1). Study participants 
had a median of 14 injections (interquartile range 7–25 
injections).

Preliminary analysis showed that age and all measures 
of body size or physique were significant predictors of 
optimized injection interval. These anthropometric 
variables comprised height, weight, BMI (a measure of 
weight for height or obesity), and body surface area (a 
measure of overall body size based on the product of 
weight and height). However, as these metrics would be 
highly collinear, they could not be used in the same models 
concurrently so we conducted a preliminary analysis 
to deduce the most predictive body size variable. When 
evaluated according to minimizing model-derived AIC for 
the analysis of inter-injection interval, BSA (AIC 20,398) 
produced the greatest reduction to model entropy followed 
by height (20,433), weight (20,560) and BMI (20,704). 
Hence for further modeling, BSA was used exclusively as a 
measure of body size and dose expressed per m2.

The median (and modal) inter-injection interval was 
12.0 weeks (interquartile range 10.4–12.7 weeks, range 
7–16 weeks) and did not differ between men with either 
primary or secondary hypogonadism or transmen (Fig. 1 
and Table 1). An inter-injection interval of between 10 and 
14 weeks was the optimized interval for 70% of patients. 
Regression analysis of optimal inter-injection intervals 
(Fig. 2 and Table 2) indicated significant initial univariate 
effects of age (standardized regression coefficient −0.223, 
P < 0.001) and BSA (standardized regression coefficient 
0.244, P < 0.001) but without any significant effect of 
age × BSA interaction (P = 0.26) nor of diagnosis (P = 0.74). 
From the linear mixed model analysis including all data, 
the inter-injection interval was significantly correlated 
with positive effects of age (P = 0.004) and negative 
effects of BSA (P = 0.002) but, after adjustment for those 
covariables, neither diagnosis nor serum LH, FSH, SHBG 
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were significant predictors of inter-injection interval  
(Table 2). The magnitude of even the significant covariate 
effects was small with a 1 s.d. change in age and BSA 
(16.3 years and 0.27 m2, respectively) causing changes of 
0.3 weeks in the optimal inter-injection interval. When 
restricting the linear mixed model analysis to the optimal 
inter-injection interval for each individual, the pattern was 
the same with significant effects of age (P = 0.001) and BSA 
(P = 0.001) but not serum FSH, LH, SHBG or diagnosis.

Shorter inter-injection intervals (<10 weeks) were 
observed in 22/297 (7%) of patients who had a median of 
24 injections and mean stable inter-injection intervals of 
9.9 ± 0.2 weeks (median 9.9 weeks). Neither age nor BSA 
or other covariables were significant predictors of short 
inter-injection intervals. Longer intervals (≥14 weeks) were 
observed 68/297 (23%) of patients who had a median of 
24 injections and mean stable inter-injection intervals of 
13.9 ± 0.2 weeks (median 14.0 weeks). Longer intervals 
were positively correlated with age (P = 0.005) with a 1 s.d. 
increase in age predicting 0.5 weeks longer inter-injection 
interval but no other covariables were significant.

At the optimal regimen, serum LH was fully suppressed 
in men with primary hypogonadism to levels comparable 
with those of men with secondary hypogonadism. 
By contrast, in transmen, serum LH was minimally 
suppressed compared with pre-titration and significantly 
less suppressed than either group of hypogonadal men 

Table 1 Results of individual dose titration.

Variable Primary Secondary F2M p

Patients (n) 127 93 101
Age (years) 45 ± 1 43 ± 2 29 ± 1# <0.001
Height (cm) 178 ± 1 176 ± 1 165 ± 1# <0.001
Weight (kg) 90 ± 2 90 ± 2 75 ± 2# <0.001
BMI (kg/m2) 28.5 ± 0.5 28.8 ± 0.5 27.3 ± 0.6 0.22
BSA (m2) 2.11 ± 0.02 2.11 ± 0.02 1.86 ± 0.03# <0.001
Pre-titration
 Serum LH (IU/L) 7.6 (0.4–17.6) 0.1 (0.1–0.6) 2.9 (0.4–6.6)# <0.001
 Serum FSH (IU/L) 17.4 (1.4–32.8) 0.5 (0.2–2.6)^ 3.8 (1.2–6.1)^ <0.001 
 Serum SHBG (nmol/L) 32 ± 1 27 ± 1^ 33.8 ± 2# 0.015
Post-titration
 Optimal interval (weeks) 12.0 (10.6–12.7) 12.0 (10.3–12.9) 12.0 (10.3–12.7) 0.81
 Injections/patient (n) 22 (11–38) 19 (6–37) 12 (6–21)# <0.001
 Dose per m2 481 ± 6 480 ± 5 545 ± 7# <0.001
 Serum LH (IU/L) 0.3 (0.1–2.8) 0.1 (0.1–0.1)* 3.5 (0.5–7.7)# <0.001
 Serum FSH (IU/L) 1.5 (0.5–5.5) 0.2 (0.1–0.6)* 4.9 (1.9–7.0)# <0.001
 Serum SHBG (nM) 40 ± 2 35 ± 2 38 ± 2 0.27
 Serum testosterone (nM) 16.0 ± 0.5 14.5 ± 0.6* 17.5 ± 0.6# 0.004

Optimal inter-injection interval is determined from the average of the last three injections. Pre-titration serum LH and FSH are from the first blood 
samples at the entry to the study. Post-titration serum LH, FSH, SHBG, and testosterone are the last trough blood samples. Primary means primary 
(hypergonadotrophic) hypogonadism and secondary means secondary (hypogonadotrophic) hypogonadism, and F2M refers to female to male 
transgender. Data presented as mean ± s.e.m. or median (interquartile range).
#Indicates significant difference from primary and secondary hypogonadism; *Indicates significant difference between primary and secondary 
hypogonadism; ^Indicates significant difference from primary hypogonadism.

Figure 1
Box and dot plot of optimal inter-injection interval in weeks (y-axis) 
according to groups comprising primary hypogonadism, secondary 
hypogonadism, and female-to-male transgender (transmen). Each dot is 
the optimal inter-injection interval for one person. The superimposed box 
plot displays the quartiles as the notch, and box edges with whiskers 
representing an additional 1.5 times the interquartile interval.
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despite the higher dose per BSA. Serum FSH was markedly 
but not fully suppressed in men with primary compared 
with secondary hypogonadism, and in transmen, serum 
FSH was not suppressed.

Serum SHBG was significantly lower in men with 
secondary hypogonadism compared with those with 

primary hypogonadism and with transmen, but at 
the end of dose titration, there was no longer any 
significant difference between the three diagnostic groups  
(Table 1). Over the full course of treatment, serum 
SHBG was significantly increased with age (0.25 nmol/L 
for every year of age, P = 0.003), decreased by BSA  
(−1.5 nmol/L for every 0.1 m2, P = 0.002) and was lower in 
secondary hypogonadism compared with the other two 
diagnoses (P = 0.022).

Blood hemoglobin was increased beyond 180 g/L in 
8/497 (1.6%) samples. Hemoglobin concentrations were 

Figure 2
Regression analysis of optimal inter-injection interval according to BSA 
(top) and age (bottom). Each dot is the optimal inter-injection interval 
form of one individual with the dotted line representing the regression 
with the given correlation and P value.

Table 2 Linear regression and linear mixed model analyses.

Coefficient
Standardized 

coefficient p

Linear 
regression

 Age 0.024 0.244 <0.001
 BSA −1.39 −0.228 <0.001
 Diagnosis 0.043 0.022 0.74
Linear mixed 

model
 Age 0.017 5.67 0.005
 BSA −1.91 6.84 0.002
 Diagnosis 0.062 1.07 0.35

Figure 3
Scatter plot of blood hemoglobin (y-axis) plotted against trough serum 
testosterone (x-axis) with the best-fit 4 parameter sigmoidal curve in solid 
line and shaded region for the 95% prediction limits. The sigmoidal curve 
was defined as hemoglobin = D + (A − D)/(1 + (testosterone/C)^B) with A 
(lower plateau) = 138 ± 3 and D (upper plateau) = 156 ± 0.7 and shape 
factors B (slope)= −6.73 ± 3.48 and C (midpoint) = 6.57 ± 0.72.
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left-skewed (λ = 2.3) with the best non-linear regression 
model (according to highest R squared), a 4-parameter 
logistic regression analysis (Fig. 3) which was superior 
to linear, quadratic, piecewise, and Gompertz models. 
This showed a sigmoidal relationship between blood 
hemoglobin and trough serum testosterone rising 
from lower levels of both to an upper plateau in blood 
hemoglobin when serum testosterone reached about  
10 nmol/L with no further increases in hemoglobin with 
higher serum testosterone concentrations. The median 
effective serum testosterone concentration was 6.5 nmol/L. 
Blood hemoglobin did not differ significantly according 
to diagnosis (data not shown). Serum PSA was increased 
above the upper limit of the reference range (4.0 ng/mL) in 
107/1204 (8.9%) of hypogonadal men and was significantly 
higher in men with primary (1.9 ± 1.9 (s.d.); median  
1.3 (0.8–2.2, IQR)) rather than secondary hypogonadism 
(1.4 ± 1.5; 1.1 (0.6–1.7)).

Discussion

The present efficacy study observes that the approved 
duration of action of 12 weeks (after the loading dose) is 
vindicated based on individual dose titration consistent 
with previous observational clinical studies of regular 
clinical practice. Nevertheless, individual optimizing of 
injectable TU leads to a minority of both longer (23%) 
and shorter (7%) inter-injection intervals. This reflects 
the variability of the pharmacokinetic profile between 
individuals and even between injections, which are mostly 
masked by the time window design of conventional 
pharmacokinetic studies, and much greater variability is 
revealed by population pharmacokinetic analysis using 
sampling at times unconstrained by fixed time windows 
(22). An important observation is that the pharmacology 
of injectable TU does not differ materially between 
hypogonadal and transgender men.

The present study features individual dose titration 
based on the durability of androgen effects such 
as surveillance for recurrence of the patient's own 
characteristic lead symptoms together with the trough 
serum testosterone and, in primary hypogonadism, 
suppression of serum LH and FSH. This approach is 
based on the consistency of each man’s lead symptom of 
androgen deficiency due to pathological hypogonadism 
with characteristic and reproducible serum testosterone 
threshold (18). In addition, this is supported by the 
objective criteria of trough serum testosterone in the 
low-normal eugonadal reference range and, for men with 

primary hypogonadism, suppression of serum LH and 
FSH. An optimal regimen would expect to feature serum 
LH suppressed to low or undetectable serum LH levels 
and serum FSH also markedly suppressed although less 
than for serum LH. This approach to individual titration 
is more practical and effective than titration based on 
symptoms and blood testosterone (+ serum LH and FSH) 
at the midpoint of the injection interval which requires 
an extra visit that is difficult to schedule accurately 
and at times, when serum testosterone is most highly 
variable (22). The present findings demonstrate that after 
individual dose titration, serum LH and FSH are markedly 
less suppressible in transmen compared with men with 
primary or secondary hypogonadism despite a higher dose 
in microgram per square meter. Most of the transmen had 
intact ovaries so the additional impact of ovariectomy 
could not be assessed.

The duration of action of injectable TU based on the 
optimized stable inter-injection interval is significantly, 
but weakly, influenced by age and body size. The modeling 
indicates that BSA, as a measure of overall body size, is the 
most effective explanatory variable representing body 
size or physique, and in these analyses, BSA represents 
a measure of overall body size correlated with total body 
water or extracellular fluid through which testosterone 
is distributed. This finding is consistent with previous 
pharmacokinetic findings that body size determines serum 
testosterone after two doses in healthy eugonadal men 
(23) or three doses in hypogonadal men (24). Beyond the 
limited dosing of a fixed injection regimen, the present 
study evaluated optimized steady-state serum testosterone 
after a median of 14 injections. Age was a consistent but 
weak significant predictor of inter-injection interval overall 
and for longer but not shorter intervals. Nevertheless, 
the covariate effects of age and BSA are of such modest 
magnitude (<0.5 weeks) that they do not attain significance 
for regular clinical practice. For example, despite the F2M 
patients being smaller and lighter (due to their underlying 
female biological origins) compared with men with 
hypogonadism, there was no difference in optimized inter-
injection interval according to diagnosis. This finding 
is consistent with previous pharmacokinetic findings of 
injectable TU showing serum and urine steroid profiles 
were similar in hypogonadal and transmen (16). Overall, 
these covariates reflecting age, body size, and hormonal 
responses to testosterone treatment exert only minimal 
effect of optimal inter-injection interval so that beyond 
optimizing treatment regimens they do not need additional 
clinical consideration. One practical implication of these 
findings is for regulating testosterone replacement therapy 
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for elite athletes with organic male hypogonadism (25) 
or female-to-male transgenders (26) where the approved 
dosage must be limited to physiological replacement to 
avoid the unfair ergogenic advantage of excessive dosage.

The present study’s findings on blood hemoglobin and 
serum PSA provide additional evidence for the efficacy and 
safety of injectable TU. This study focused on hemoglobin 
as a more robust measure than hematocrit (27, 28). Only a 
small minority (1.6%) of samples displayed erythrocytosis 
(hemoglobin >180 g/L) and a larger but still small proportion 
(8.9%) displayed high serum PSA concentrations  
(> 4.0 ng/mL), both of which may lead to reducing 
testosterone dosage by wider inter-injection spacing 
intervals. Overall, hemoglobin displayed a sigmoidal 
pattern of increase with higher serum testosterone 
concentrations in the low range of serum testosterone. 
After starting both at low concentrations, hemoglobin 
then increases to reach a plateau at characteristic 
eugonadal male hemoglobin concentrations when serum 
testosterone reached about 10 nmol/L. This is consistent 
with our previous findings that erythrocytosis occurs in a 
small number of individuals in the testosterone trials (29) 
as well as hypogonadal men treated with testosterone (30) 
or healthy men treated with dihydrotestosterone (31). In 
concert, these findings suggest that testosterone-induced 
erythrocytosis is not simply a dose-response in increasing 
testosterone exposure but rather an idiosyncratic response 
to androgen exposure in a small minority of patients, 
presumably with underlying genetic susceptibility.

Other variables that might influence inter-injection 
interval but not measured in this study include functional 
genetic variants of androgen metabolism. These include the 
androgen receptor (AR) CAG triplet repeat polymorphism 
(32) and the uridine diphospho-glucuronosyl transferase 
2B17 (UGT2B17) polymorphism in testosterone 
glucuronidation rendering the steroid more hydrophilic 
for renal excretion (33). The UGT2B17 polymorphism 
primarily influences testosterone glucuronide excretion 
(34) but not circulating testosterone concentrations (16, 
35) so has minor or no impact on androgen action (36) 
or tumor susceptibility (37). Similarly, the CAG repeat 
polymorphism in the androgen receptor has some 
influence on androgen sensitivity with polymorphism 
length inversely proportional to androgen sensitivity 
in vitro (38), experimentally in vivo (39), and inferred from 
most observational clinical studies (40) and with a small, 
variable effect reported in some (41, 42) but not all (43) 
studies of testosterone pharmacodynamics. While it cannot 
be excluded that the androgen receptor CAG triplet repeat 
polymorphism may influence the pharmacodynamics of 

injectable TU, neither genetic polymorphism is likely to be 
of sufficient clinical significance for stabilizing injectable 
TU treatment to make genetic testing cost-effective.

The strengths of the present study are its basis on its 
large consecutive series of serial injections confirming 
that the individually optimized injectable TU regimen 
has a usual duration of action of 12 weeks, consistent 
with its marketing approvals. The duration of action 
was essentially the same in hypogonadal and transmen 
thereby allowing consistent use of injectable TU in those 
groups without systematic dose adjustment beyond 
individual dose titration. However individual dose 
titration to achieve optimal testosterone replacement 
therapy in men with pathological hypogonadism 
can lead to significantly shorter or longer intervals in 
about 30% of patients. However, the present findings 
do not identify any practical workaround to bypass 
the need for individual dose titration based on lead 
symptom relief and runoff together with trough serum 
testosterone. A limitation of the present study is that it 
relied on testosterone immunoassays rather than liquid 
chromatography-mass spectrometry measurements 
which were not available routinely in our clinic. This also 
dictated that we did not have reliable serum estradiol or 
dihydrotestosterone measurements. Nevertheless, the 
same testosterone immunoassay which was subject to an 
external quality control program was used consistently. 
Another limitation is that we were not able to analyze 
hemoglobin/hematocrit data as it was not measured in 
the same depth as testosterone, although erythrocytosis 
is an infrequent but regular reason for having to extend 
the inter-injection interval. However, we have previously 
shown that trough serum testosterone (30) as well as 
higher baseline hemoglobin (31) is predictors of androgen-
induced erythrocytosis. Finally, the present findings in 
men with pathological hypogonadism may not generalize 
to injectable TU treatment for healthy eugonadal men 
or those with a functional or age-related reduction in 
serum testosterone in whom endogenous testosterone 
production is not impaired by pathological reproductive 
system disorders.
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